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(57) ABSTRACT

A method of wastewater reutilization by which reusable
water can be stably obtained from a wastewater. Ozone 1s
added to a wastewater, such as water resulting from sewage
treatment, 1n such a small amount as to result in a residual
ozone concentration as measured before membrane filtration
010.01-1.0mg/L. Ozone 1s thus brought into contact with fine
solids contained 1n the wastewater to alter the surface prop-
erties of the fine solids so that the solids are easily to coagu-
late. Thereafter, a coagulant, e.g., PACI, 1s added from a
coagulant addition device (3). The fine solids are coagulated
in a coagulation tank (5) or a line mixer and the resultant water
1s subjected to membrane filtration with an ozone-resistant
separation membrane (6) such as ceramic membrane. Thus,
reusable water 1s obtained which has a residual ozone con-
centration, as measured after filtration through the mem-
brane, less than 0.5 mg/L.

10 Claims, 4 Drawing Sheets
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1
METHOD FOR RECYCLING WASTEWATER

FIELD OF THE INVENTION

The present invention relates to a method for recycling
wastewater, comprising membrane filtering various wastewa-
ters such as treated sewage to give reusable water.

BACKGROUND OF THE INVENTION

To efficiently use water resources, there have been devel-
oped techniques of membrane-filtering various wastewaters
to give reusable water. For example, Patent Documents 1 and
2 disclose methods for membrane-filtering wastewater used
for washing a pool of a water puritying plant to reuse it as
washing water. The methods described 1n Patent Documents
1 and 2 are intended to treat wastewater having relatively
good quality. When wastewater 1s simply subjected to mem-
brane-filtering, depending on the quality of the wastewater,
these methods may become unable to work due to clogging of
a membrane with organic matters and the like 1n the waste-
water 1n a short time.

Techniques for preventing such clogging of a membrane
include a method for adding ozone to raw water to decompose
organic matters that cause clogging of a membrane, as
described 1n Patent Documents 3 and 4. However, sufficient
decomposition of organic matters requires a large amount of
ozone. In Patent Document 3, 1n order to make ozone remain-
ing on the surface of the membrane 1n an amount suificient to
decompose organic matters, a large amount of ozone 1s sup-
plied such that a concentration of dissolved ozone 1n filtered
water having passed through the membrane 1s 0.5 mg/L. In
Patent Document 4, although a concentration of dissolved
ozone 1n filtered water having passed through the membrane
1s 0.05 to 1.0 mg/L, ozone 1s further added to the filtered water
in a subsequent process. Ozone generation 1s electricity guz-
zling, and thus addition of large amount ozone has a problem
of high runming cost. In addition, decomposition of organic
matters progresses with a large amount of ozone to allow
organic matters to pass through the membrane. These meth-
ods thus have a problem that when raw water 1s wastewater
contaiming organic matters, filtered water having passed
through the membrane has high concentration of remaining,
organic matters. For these reasons, there 1s little use of ozone
to give reusable water from wastewater by membrane-filtra-
tion. Patent Documents 3 and 4 are intended to purily rela-

tively clean raw water.
Patent Document 1: JP-A-1999-235587

Patent Document 2: JP-A-2001-87764

Patent Document 3: JP-A-2003-2850359

Patent Document 4: Japanese Patent No. 3449248

SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

Theretfore, an object of the present invention 1s to provide a
method for recycling wastewater, which can stably provide
reusable water from wastewater containing organic matters
while preventing clogging of a membrane at low cost.

Means for Solving Problem

A method for recycling wastewater according to claim 1 of
the present invention, which has been made to solve the above
problems, 1s characterized by comprising: adding a small
amount of ozone to wastewater as raw water, to thereby
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2

contact the ozone with fine solids in the wastewater so as to
modily the surface properties of the fine solids to be easy
coagulating; adding a coagulant to coagulate the fine solids;
and membrane filtrating the wastewater through a ozone-
resistant separation membrane, wherein a concentration of
dissolved ozone 1n the wastewater to which the ozone has
been added 1s measured immediately before the step of
coagulation, and an adding amount of the ozone 1s controlled
to such an amount as that a concentration of dissolved ozone
before membrane filtration 1s within the range of 0.01 to 1.0
mg/L. to give reusable water in which a concentration of
dissolved ozone after membrane-filtration 1s less than 0.5
mg/L.

A method for recycling wastewater according to claim 2 of
the present invention, which has been made to solve the above
problems, 1s characterized by comprising: adding a small
amount ol ozone to wastewater as raw water, to thereby
contact ozone with fine solids contained in the wastewater so
as to modily the surface properties of the fine solids to be easy
coagulating; adding a coagulant to coagulate the fine solids;
and membrane filtrating the wastewater through a ozone-
resistant separation membrane, wherein a concentration of
dissolved ozone 1n the wastewater to which the ozone has
been added 1s measured between the steps of coagulation and
membrane {iltration, and an adding amount of the ozone 1s
controlled to such an amount as that a concentration of dis-
solved ozone before membrane filtration 1s within the range
o1 0.01 to 1.0 mg/L to give reusable water 1n which a concen-
tration of dissolved ozone after membrane-filtration 1s less
than 0.5 mg/L.

In any invention, contacting ozone with the wastewater
may be performed 1n an ozone contact column including an
ozone generator, and contacting ozone with the wastewater
may also be performed by supplying ozone into the wastewa-
ter with an ejector or a pump.

Efifect of the Invention

According to the present invention, differing from prior art,
ozone 1s added 1n a small amount 1n order to enhance coagu-
lating property and a coagulant 1s used 1n combination to form
casy coagulating flock of fine solids 1n wastewater, thereby
clogging of a filtering surface of a separation membrane 1s
prevented. An amount of ozone added to wastewater for this
purpose 1s so small as that a concentration of dissolved ozone
in wastewater before membrane-filtration 1s within the range
010.01 to 1.0 mg/LL and a concentration of dissolved ozone 1n
wastewater after membrane-filtration 1s less than 0.5 mg/L. A
running cost for ozone generation thus can be significantly
reduced, compared with those of the prior art described in
Patent Documents 3 and 4. In addition, excessive decompo-
sition of organic matters can be prevented, and a concentra-
tion of remaining organic matters in membrane-filtered water
can be controlled. Moreover, a membrane filtration flux can
be increased to about double, compared with cases without
ozone. Therefore, according to the present mvention, even
wastewater containing relatively large amount of organic
matters such as treated sewage can be subjected to mem-
brane-filtration for removal of fine solids 1n the wastewater to
give reusable water.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a tlow sheet showing a first embodiment of the
present 1nvention.

FIG. 2 1s a flow sheet showing a vaniation of the first
embodiment of the present invention.
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FIG. 3 1s a flow sheet showing a second embodiment of the
present invention.
FI1G. 4 1s a flow sheet showing a third embodiment of the

present invention.

DESCRIPTION OF REFERENCE NUMERALS

1 ozone contact column

2 ozone generator

3 coagulant addition device
4 ozone concentration meter
5 coagulation tank

6 separation membrane

7 line mixer

8 air diffuser
9 ejector

DETAILED DESCRIPTION OF THE INVENTION

Preferred embodiments of the present invention will be
described below.

FIG. 1 shows a first embodiment of the present invention,
in which reference numeral 1 denotes an ozone contact col-
umn; 2 denotes an ozone generator to supply ozone to the
ozone contact column; 3 denotes a coagulant addition device;
4 denotes an ozone concentration measuring device; 3
denotes a coagulation tank; and 6 denotes an ozone-resistant
separation membrane. Examples of raw water include treated
water from sewage, sidestreams, industrial wastewater, water
leachate from refuse, nmight soil, agricultural wastewater,
lives-tock wastewater and aquaculture wastewater.

The wastewater, which 1s raw water, 1s firstly introduced
into the ozone contact column 1, 1n which ozone 1s added to
the wastewater. In the first embodiment, the wastewater con-
tacts with ozone 1n a downward flow state. The wastewater
may also be an upward tlow state. Examples of a method for
supplying ozone to the ozone contact column include instal-
lation of an air diffuser 8 such as an air diffusion cylinder or
an air diffusion plate 1n the ozone contact column 1 and a
method for dissolving ozone 1n the raw water with an ejector
or a pump located outside the ozone contact column 1 and
charging the raw water 1nto the ozone contact column 1. By
contacting to fine solids contained 1n the wastewater, ozone 1s
used to modity the surface properties of the fine solids to be
casy coagulating. A mechanism of modification of the surface
properties of the fine solid by ozone remains to be academai-
cally elucidated fully, but 1s thought to be due to change 1n a
surface electric charge of the fine solid, for example. Since the
modification of the surface properties 1s carried out with a
small amount of ozone 1n a very short time, a residence time
1s enough 1 about 0.1 to about 10 minutes. There are other
materials consuming ozone than fine solids such as SS (sus-
pended solid) and organic matters (COD), including NO,—
N.

In the present invention, a concentration of dissolved ozone
in the wastewater released from the ozone contact column 1 1s
measured with the ozone concentration-measuring device 4
to control the ozone generator 2 so that the concentration 1s
always within the range from 0.01 to 1.0 mg/L. A concentra-
tion of dissolved ozone higher than 1.0 mg/L does not provide
higher effect of enhancing coagulation. Such a concentration
will drive up a running cost due to an increased power con-
sumption of the ozone generator 2 and have a problem that
excessively decomposed organic matters remain in mem-
brane-filtered at an increased concentration. When a concen
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4

tration of dissolved ozone before membrane-filtration 1s less
than 0.01 mg/L, an effect of enhancing coagulation 1s msui-
ficient. The concentration of dissolved ozone before mem-
brane-filtration 1s thus preferably within the range from 0.01
to 1.0 mg/L, more preferably not less than 0.01 mg/L and less
than 0.5 mg/L, and even more preferably not less than 0.01
mg/L and less than 0.05 mg/L.. A required amount of ozone 1s
preferably reduced to control decomposition of organic mat-
ters. A combination use of the ozone concentration measuring
device 4 and the ozone generator 2 enables to add a required
amount ol ozone that changes according to change of a con-
centration of ozone 1n raw water.

As described above, ozone 1s added to the wastewater to
modily the surface properties of fine solids contained 1n the
wastewater to be easy coagulating, and then to this 1s added a
coagulant with the coagulant addition device 3. Any coagu-
lant conventionally used can be used. Examples of the coagu-
lant include PACI (Polyaluminium chloride), ferric chloride,
aluminum sulfate, and polymer coagulants. The wastewater 1s
then stirred at slow speed 1n the coagulation tank 5 to form
flocks. Since a coagulation property 1s improved 1n the pre-
vious step, flocks having good coagulation property are
formed.

The wastewater released from the coagulation tank 5 1s
membrane-filtered through the separation membrane 6. The
separation membrane 6 must be of an ozone-resistant mate-
rial. Examples of the membrane that can be used include
ceramic membranes and ozone-resistant polymer membranes
such as PVDEF. The separation membrane 6 can be in any
shape, including a monolithic, a tubular, a flat and a hollow
fiber types. It may be an external pressure type or internal
pressure type. A kind of the membrane 1s preferably an MF
membrane or a UF membrane. In this embodiment, a mono-
lithic ceramic MF membrane 1s used for dead end filtration of
the wastewater to give reusable water from which fine solids
are removed. As described above, fine solids 1n the wastewa-
ter have formed flocks having good coagulating property, and
clogging of the membrane 1s thus prevented to thereby treat
wastewater for a long time to stably give reusable water even
in the case that the wastewater contains relatively large
amount of organic matters such as treated sewage. However,
it goes without saying that regular back washing and chemaical
cleaning are necessary. Ozone 1s consumed during mem-
brane-filtration through the separation membrane 6, resulting
in less than 0.5 mg/LL of concentration of dissolved ozone
alter membrane-filtration. A concentration of dissolved
ozone after membrane-filtration higher than 0.5 mg/L. means
that an excess amount of ozone 1s supplied for achieving a
purpose of improving coagulation. In this case, an adding
amount of ozone must be reduced.

In this embodiment, a concentration of dissolved ozone 1n
wastewater 1s measured immediately before the step of
coagulation with the ozone concentration-measuring device
4. The concentration of dissolved ozone may be measured
between the steps of coagulation and membrane-filtration to
control adding amount of ozone to such an amount as that the

concentration of dissolved ozone before membrane-filtration
1s less than 1.0 mg/L, as shown in FIG. 2. The reason 1s that the
concentration of dissolved ozone in wastewater stays about
the same 1n the step of coagulation.

FIG. 3 shows a second embodiment of the present inven-
tion, 1n which a line mixer 7 1s used 1nstead of the coagulation
tank 5 in the first embodiment. The line mixer 7 has a stirring
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blade fixed 1n i1ts tube, and may be a commercial product. The
wastewater to which a coagulant has been added is stirred
during tlowing 1n the line mixer 7 to form flocks. A construc-
tion excepting the line mixer 7 1s same as of the first embodi-
ment.

FI1G. 4 shows a third embodiment of the present invention,
in which the ozone contact column 1 1s not used and an ejector
9 15 used 1n piping to directly add ozone to wastewater. As
described above, ozone can improve coagulation properties
in a very short time, and thus the third embodiment 1n which
a period of contacting with ozone 1s shorter than 1n the ozone
contact column 1 can be employed. In order to efficiently mix
ozone with the raw water, ozone may be supplied at a suction
side of a water-conveying pump 1n addition to the ejector 9.

As described above, according to the present mvention,
even wastewater containing a relatively large amount of
organic matters can be treated by membrane-filtration to sta-
bly give reusable water with a significantly reduced runming,
cost compared with prior art. In addition, since excessive
decomposition of organic matters by ozone can be prevented,
a concentration of remaining organic matters 1n membrane-
filtered water can be controlled. A membrane filtration flux
also can be 1ncreased to about double, compared with cases
without ozone.

Examples of the present invention will be described below.

EXAMPLES

According to the flow shown in FIG. 1, experiments of
producing reusable water from treated sewage were per-
formed. Each residence time 1n the ozone contact column was
10 minutes. In Example 1, the ozone generator was controlled
so as to keep a concentration of dissolved ozone before mem-
brane-filtration within the range of 0.03 to 0.04 mg/L. In
Example 2, the ozone generator was controlled so as to keep
a concentration of dissolved ozone before membrane-filtra-
tion to 0.4 mg/L. In Example 3, the ozone generator was
controlled so as to keep a concentration of dissolved ozone
before membrane-filtration to 0.7 mg/L. In each of Examples,
a coagulant used was PACI, which was added to wastewater
so as to be a concentration of 2 mg~ Al/L. A separation mem-
brane used was a monolithic ceramic membrane having a fine
pore diameter of 0.1 um. For comparison, experiments were
performed 1n the case of without ozone (Comparative
Example 1) and of an ozone concentration of 1.5 mg/L (Com-
parative Example 2). Results are listed in Table 1.

TABL.

L1

1
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decreased by half. In Comparative Example 2, in which ozone
was added 1 an amount over the range of the present inven-
tion, although a membrane {filtration flux was kept at high
level as expected, an effect of improving was not higher than
Examples. In other words, ozone was wasted to result 1n
higher cost.

The invention claimed 1s:
1. A method for recycling wastewater comprising:
adding ozone to the wastewater to modily surface proper-
ties ol organic solids 1n the wastewater to facilitate
coagulation;
adding a coagulant to coagulate the organic solids 1n the
wastewater; and
filtering the wastewater through an ozone-resistant separa-
tion membrane to form filtered water,
wherein a dissolved ozone concentration 1n the wastewater
1s maintained within a range of about 0.01-0.04 mg/L
when measured before adding the coagulant to the
wastewater, while substantially maintaining the separa-
tion membrane flux.
2. The method for recycling wastewater according to claim
1, wheremn contacting ozone with the wastewater 1s per-
formed 1n an ozone contact column including an ozone gen-
erator.
3. The method for recycling wastewater according to claim
1, wheremn contacting ozone with the wastewater 1s per-
formed by supplying ozone into the wastewater with an ejec-
tor or a pump.
4. The method of recycling wastewater according to claim
1, wherein a biological oxygen demand 1n the filtered water 1s
less than 1 and a chromaticity of the filtered water 1s in arange
of 2 to 3 degrees.
5. The method according to claim 1, wherein the wastewa-
ter 1s stirred after the coagulant has been added to form flocks.
6. A method for recycling wastewater comprising the steps
of:
adding ozone to the wastewater to modily surface proper-
ties ol organic solids 1n the wastewater to facilitate
coagulation;
adding a coagulant to coagulate the organic solids 1n the
wastewater; and
filtering the wastewater through an ozone-resistant separa-
tion membrane to form filtered water,
wherein a dissolved ozone concentration 1n the wastewater
1s maintammed within a range of about —0.01-0.04

Treated water (reusable water)

Raw water Example 1 Example 2 Example 3

Water quality  SS (img/L) 0-3 <1 <1
BOD (mg/L) 0-2 <1 <1
Chromaticity 13-19 2-3 2-3
(degree)

Ozone Before membrane — 0.03-0.04 0.4

concentration  filtration (mg/L)
After membrane — 0 0.05
filtration (mg/L)

Membrane filtration flux (m/day) — 4 4

In Examples 1 and 2, ozone added in a small amount
improved coagulation properties ol fine solids to prevent
clogging of the membrane, and membrane filtration fluxes
were kept at high level. By contrast, in Comparative Example
1 without addition of ozone, a membrane filtration flux

<1
1
2-3
0.7
0.2

4

65

Comparative Comparative

Example 1 Example 2
<1 <1
<1 2
8 2-3
0 1.5
0 1
2 4

mg/[.—0.01-1.0 mg/I. when measured between the
steps ol adding the coagulant and filtering the wastewa-
ter, and the dissolved ozone concentration in the filtered
water 1s less than 0.5 mg/I.—while substantially main-
taining the separation membrane flux.
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7. The method for recycling wastewater according to claim
6, wherein contacting ozone with the wastewater 1s per-
formed 1n an ozone contact column including an ozone gen-
erator.

8. The method for recycling wastewater according to claim 3
6, wherein contacting ozone with the wastewater 1s per-
tormed by supplying ozone into the wastewater with an ejec-
tor or a pump.

9. The method of recycling wastewater according to claim
6, wherein a biological oxygen demand in the filtered wateri1s 10
less than 1 and a chromaticity of the filtered water 1s 1n a range
of 2 to 3 degrees.

10. The method according to claim 6, wherein the waste-
water 1s stirred after the coagulant has been added to form
tflocks. 15
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